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Abstract-Airfoils are basically divided into two categories, | have tried to diffrenciate between the two types i.e Symmetrical and
Asymmetri cal airoils on the basis of their | ift andnddnagigdeofoef f i ¢
the coefficients. | have also modelledne commonly used airfoil sections namely MIG21 which are of passenger, jet and helicopters and

tried to study their lift and drag coefficients and the lift force. Airfoil plays an important role in any aircr aft and chooses whether the lift

power is adequate to adjust théneaviness of the bodyThe main objective of this investigation is to analyze the flow behaviour around the

airfoil body and to calculate the performance coefficients at higher Reynolds Numbg1.04x105) and angle of attack varying from5

degrees to 20 degrees..
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1) INTRODUCTION automobile etc. It can generate lift as well as down force when
An aerofoil is a crossarea of wing of the plane. Its used in a specific manner. So it is quite important to decode the
fundamental occupation is to give lift to a plane amid departurghenomena behind its shape and the process by which it
keeping in mind in flight. Yet, it has likewise a reaction calledoroduces necessary lift and downforce.
drag which restricts the movement of the plane. The measure of Themain objective is to study the design process of various
lift required by a plane relies on upon the reason for which it igerefoils and their flow simulation to understand how they
to be utilized. Heavier planes oblige more lift while lighter work. Due to time limitation, the following are the essential
objectives of the work:
i Obtain the pressure distribution, lift and drag

planes oblige less lift than the heavier ones. Accordingly, coefficients on the given aeifoil profile using CFD
contingent on the utilization of plane, adodl area is resolved. solver fluent at various angles of attack inviacid
Lift compel additionally decides the vertical increasing speed domain.
of the plane, which in turns relies on the flat speed of the plane. § Use the panel method for comparison of the numerical

The crosssectional shape obtained by the intersection of results obtained from FLUENT.
the wing with the perpendicular plane is called arfalr The f  Future scope of employing the inverse method to get
camter, the shape of the mean camber line, and to a lesser the desied aerefoil shape according to given
extent, the thickness distribution of the -fwil essentially parameters.
controls the lift and moment characteristics of thefailr[1]. A) ACRONYMS

Symmetric aiffoils are used in many applications | span

includingaircraft vertical stabilizers, submarine fins, rotary and; chord length (m)

some fixed wings [2][3]. Here in this paper the choserfair

) o angle of attack
was tested to find the reliability tifie

X o Drag Force
Aerodynamicscharacteristics and to understand the nature q? rag
N ; . . : Lift Force
difficulties arises in a newlsetupwind tunnel [4][5]. This M Moment
evaluation of aerodyamic properties is measured and itUh Free St Velocit
isrecorded so that future research work on active flow reg ream velocity
separation control especially by CFJ method will be convement Alr density

and comparable to eacrhnowfBlher b u tPYRPIGVSCOsiy®MNsAY ur conce

2) OBJECTIVE AND SCOPE OF PRESENT WORK L Free stream pressure (Pa)
The objective of this project is to understand theP local pressure (Pa)

phenomena of the uniqueness of afeib shape. Aerdoil Re Reynolds no"(Unc/* )

shapes are employed in aircraft sectors as well as in automobfle Pressure coefficient

and production sectors e.g. nai turbines, wing of an ((pLh O K" W H)Pp
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G lift coefficient (L/ (0.5 Uh2Q)) m = maximum camber in tenths of the chord
Gi drag coefficient (D/ (0.5U" 2Cy)) p =position of the maximum camber along the chord in tenths
B) NACA of chord

TheNational Advisory Committee for ~ NACA FIVE-DIGIT SERIES
Aeronautics (NACA) was aU.Sfederal agency founded on The first digit, when muiplied by 3/2, yields the design lift
March 3, 1915, to undertake, promote, and institutionaliz€oefficient (cl) in tenths. The next two digits, when divided by
aeronautical research. On October 1, 1958, the agency wasgive the position of the maximum camber (p) in tenths of
dissolved, and its assets and personnel transferred to the ne@grd. The final two digits again indicate the maximum

created\ational Aeonautics and Space thickness (t) in percentage of chord

Administration(NASA). y. =K b _am m?(3-m)x]  fromx=0tox=-p

3) LITERATURE REVIEW 6

Rana et al. [1] studied the flutter characteristics of anfaikin ky m

a 2D subsonic flow by using RANS based CFD solver witt”® - (1= TR~ Rolo~¢

structural code in time domain. A) STRUCTURAL ANALYSISOF NACA

Gultop [2] contemplated the effect of viewpoint degree on-Air 4515

foil execution. The explanation behind this study was to centre Structural analysis is probably the most common
the swell conditions not to be kept up all through wind passage@pplication  of  the  finite  element  method.The
tests. termstructural(or structure)implies not only civil engineering

gstructures such as bridges and buildings, blgo naval,
aeronautical, and mechanical structures such as ship hulls,
aircraft bodies, and machine housings, as well as mechanical

Goel[3] formulated a technique for advancement of Turbin
Air-foil utilizing Quansg 3D examination codes. He understood

he intri f 3D i isplayi 2[ ) .
the intricacy of 3D demonstrating by displaying numerous components such as pistons, machine parts, and tools

air foil segmentsand joining their figure in spiral bearingB) GEOMETRY, FIXED SUPPORT FLUID SOLID
utilizing second and first order polynomials that prompts NO|\NTERFACE '

harshnessn the radial direction. E= 3 AN
Arvind [4] looked into on NACA 4412 adail and investigated » [ .
its profile for thought of a plane wing The NACA 4412 deilo //‘ . ' //

was made utilizing CATIA V5 And examination was complete & L

utilizing business code ANSYS 13.0 FLUENT. LN L T

Fail and Jayakumar [5] presumed that in spite of the way tha —— -
it is less requesting to model and make an afmib profile in
CAD environment using camber billow of concentrates, aftef
the making of vane profile it is extraordinarily troublesome to -~
change tle condition of profile for dismemberment or change Q,;_ .
reason by using surge of core inter. —
4) AIR-FOIL SERIES

NACA Four-Digit Series Fig.No:1Fixed support, Geometry & Fluid solid interface
The first family of airfoils designed using this C) EQUIVALENT STRESS AND TOTAL DEFORMATION
approach became known as the NACA Fbigit Series. The In materials - sciencandengineeringhe von Mises

the chord (aifoil length), the second indicates the position ofStresor equivalent tensile stres$his is a scalar value of stress
the maximum camber (p) in tenths of chord, and the last tuthat can be computed from t@auchy stress tensoln this

numbers provide the maximum thickness (t) of thef@ilrin ~ case, a material is said to start yielding whbke von Mises
percentage of chord stress reachesvalue known agield strength

Structural analysis empleythe fields ofppliedin the
mechanicsmaterials  sciencandapplied mathematide
m 5 compute a structureteformations The results of the analysis
¥e =W[(1—2p)+2p><—x ] R iR are used to verify a structure's fitness for use, often
precludingphysical testsStructural analysis is thus a key part
of theengineering design of structures

YC=EQ(2PX*X2) fromx=0tox=p
P

X = coordinates along the length of the-fait, from O to c
(which stands for chord, or length)

y = coordinates above and below the line extending along the
length of the akfoil, these are either ;yfor thickness
coordinates or Jor camber coordinase

t = maximum abkfoil thickness in tenths of chord (i.e. a 15%
thick air-foil would be 0.15)
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Fig.No:2Stresses and Deformation
D) FLUENT STRUCTURAL ANALYSIS
You can use Workbench to perform coupled simulation l
using two or more systems (for example, ANSYS Mechanice I
(Transient or Static Structural) and ANSYS Fluent) using
System Coupling component system. As described in the Fjg.No:3 Pressure and veIOC|ty for Awil NACA4515

separateSystem Coupling Guideyou can set up a oneay or  5) INVESTIGATION IN TYPES OF AIRFOIL DESIGN
two-way fluid-structure interaction (FSI) design analysis inThere are two types of afoil design

Workbench by connecting a Syste@oupling component 1. Symmetric Airfoil
system to your Mechanical system and to your ANSYS Fluent 2 Asymmetric
fluid flow analysis system.The following is the list of supporteda) SYMMETRIC AIR-FOIL

i

coupling participants: A symmetric airfoil is the one in which both the
1. Fluent camber line and the chord line is the same i.e., a straight line
2. Static Structural joining the leading edge and the trailing edge bisects tHeikir
3. Transient Structural into two symmetric sections
4. SteadyState Thermal GEOMETRY MESHING OF AIR PROFILE AROUND THE
5. TransientThermal SYMMETRICAL AIRFOIL
6. External Data

Connecting th&etupcell from an ANSYS Fluent analysis
system to th&etupcell for theSystem Couplingomponent
system signals the latter system that the Fluent solver will a
asa cosimulation participant in a coupled analysisod¥l of the

coupling related settings for your analysis are mad —-‘“‘
throughtheSystem Couplings y s t setapdiser interface
Once the coupling setup is complete, the coupled analysis
executed by updating tig&ystem
couplings y s t solotidrsell, rather than the same cell in the
connected cgimulation participant systems.

E) STATIC PRESSURE AND VELOCITY

In fluid mechanicghe termstatic pressurbas several uses:

1. In the design and operation aifcraft static
pressure s t he air pr es static e
pressure system

2. Influid dynamics many authors use the testatic
pressuréen preference to jugiressurdo avoid
ambiguity. Oftenh o we v e r , the wor
dropped and in that usageessurés the same as static
pressure at a nominated point in a fluid.

3. The termstatic pressures also used by some authors
in fluid statics

0010 0030

Fig.No:4 “Geometry “Meshing Of " Air Profile around the
Symmetrical Airfoil.

PRESSURE DISTRIBUTIONS AND VELOCITY
DISTRIBUTION AT 0°ANGLE OF ATTACK
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GEOMETRYAND CLOSEUP OF MESH AROUND THE
AIRFOIL

Fig.No:6Pressure Distributions and Velocystribution a t
0%angle of Attack

VARIATION OF LIFT COEFFICIENT AND DRAG
COEFFICIENT WITH ANGLE OF ATTACK

cl

Fig.No:8 Geometry And Closdp of Mesh aroundhe Air -foil
160803 PRESSURE AND VELOCITYDISTRIBUTION 0°ANGLE
et OF ATTACK FOR ASYMMETRICAL AIRFOIL
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Fig.No:7 Variations of Lift Coefficient and Drag Coefficient
with Angle of Attack
B) ASYMMETRIC AIRFOIL
Asymmetric aiffoils are those irwhich the chord line
does not bisect the Afbil into two symmetric halves. The
curved surface of the upper and lower layer is dissimilar iffig.No:9Pressure and Velocity Distributiaith 0°angle @
geometry Attack for Asymmetrical Airfoil
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VARIATION OF LIFT AND DRAG COEFFICIENT WITH upper and lower line coordinates were found out using the
ANGLE OF ATTACK necessary equations and the profile was determined
. Using the equations of the profile, a MATLAB code is
— generated which takes interactively the no of points on the
o profile (both top ad bottom surfaces)NACA 2314 Profile
. with two different no of control points are shown in the
" sea fig.11.Also user has to enter the series number and the program
e plots the aerdoil and stores the points in excel sheet for
I o |
0E-0 « Vﬂsw Oﬂo'??ﬂm_

0on

———

—————a—-

5 10

Angle of attack

Fig.No:10Variationsof Lift and Drag Coefficient with Angle 7
of Attack < B—

importing into ANSYS. _
6) CFD ANALYSIS OF NACA 2314 Fig.No:11NACA 2314 Profiles with two Diff No of Control

Points
CFD ANALYSIS

Computational Fluid Dynamics (CFD) is a tool with B) RESULTS AND DISCUSSION
amazing flexibility, accuracy and breadth of application. guMESH
serious CFD, the kind that qrides insights to help you N ' e
optimize your designs, could be out of reach unless you choose T Pab,
your software carefully. To get serious CFD results, you need ' :
serious software. ANSYS CFD goes beyond qualitative results
to deliver accurate quantitative predictoof fluid interactions
and tradeoffs. These insights reveal unexpected opportunities
for your produod opportunities that even experienced
engineering analysts can otherwise miss

While ANSYS CFD empowers experienced analysts to
deliver deepinsights, serious CFD is not just for experts
modelling rocket ships and racing cars. Engineers at every level g 7 .
across diverse industries are getting great value from CFD. The Fig.No:12 Mesh
ANSYS Customer Excellence (ACE) team has seen and solved

a vast array of CFD sinhation challenges and are ready to heIFC)PRESSURE _AN_D_ VELOCITY. . D!STRIBUTIO.N
you solve yours.CFD solvers extend the limits of what iThe NACA 2314 airfoil is tested under inviscid flow condition

possible so you can maxi miz against a various angle of attacks sucia8, and 12 degreg.
efficiency. You can use ANSYS CFD to innovate withThe pressure contour and velocity vectors are plotted and

breakthrough capabilities in turbomachinery, btiience shown in figures. The velocity vector gives the clear picture of
combustion and ight icing. ’ " the velocity distribution and the pressure contour gives clear

A) OBTAINING THE COORDINATES OF NACA 2314 picture of static pressure over an airfoil. Theegsure
AERO-FOIL coefficient over an airfoil is also plotted with help of Fluent and

bigls compared with panel method result and shown.

These coordinates have been obtained through the
of the equations which govern the NACA 4 series deils.
First the mean camber line was determined. Aftat both the
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TsAGI S$12 airfoil. India bought these planes from soviet in
1960 and was in service for 50 years. Some specifications for

FLUENT PROPERTIES the plane are
1. WORKING FLUID -AIR 1. WING SPAN = 7.154 MT.
2. DENSITY OF WORKING FLUID AT INLET- 2. WING AREA =23.0 M.
1.225kg/nd 3. MAX WEIGHT = 10400 KG
3. VISCOSITY OF WORKINGFLUID-1.7894x165 4. TAKE OFF SPEED = 34370 KM/H.
kg/ms 5. CRUISE SPEED =800 KM/H
4. PRESSURE VELOCITY COUPLINEIMPLE A) GEOMETRY AND CLOSEUP OF MESH DRAWN
5. MESHING SCHEMEHEXAHEDRAL AROUND THE AIR-FOIL

PRESSURE VELOCITY CONTOURS AZ°& 8°DEGREES
ANGLE OF ATTACK )

artaurs ot e

Fig.No:13Pressure VeIOC|ty Contours 40& 8° Degrees Angle
of Attack
PRES®JRE AND VELOCITY CONTOURS AT 1DEGREE

ANGLE OF ATTACK B Fig.No:15 GeometrnAnd CloseUp of Mesh Drawn
s s Around he Air-Foil

B) PRESSURE AND VELOCITYDISTRIBUTIONAIRFOIL

ATQ0°A0.A

Contours of Static Pressure (pascal) e Ny RN

- 2500000

Velocity Vectors Colored By Velocity Magnitude (m/s) May 11, 2018
ANSYS Fluent 16.0 (3d. dp. pbns,

Fig.No:14Pressure And Velocity Contours 32° Degree Angle
of Attack
7) INVESTIGATION OF AIRFOIL DESIGN OF MIG 21

The MikoyarGurevich MiG21 is a supersonic jet fighter
aircraft, designed by the MikoyaBurevich Design Buwau in
the Soviet Union. The afoil of this supersonic jet is named as

Fig.No:16Pressureand Velocity DistributionAirfoil at 0°
A.O.A
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